Freshwater coastal aquifers can be contaminated by influx of seawater. The study investigated the effect of geophysical parameter such as seepage velocity (v) determined empirically on the mass flux (J) of contaminant through the coastal aquifers. Porosities of the grains were determined and tagged samples A to E. v was obtained in the experimental setup. Results showed that hydraulic gradient ranged between 3.233 to 0.317 while the corresponding values of contaminant J ranged between 0.302 to 5.381 Kgm -2 s -1 within 60 to 360 seconds. Therefore, the attenuation coefficients of J decreased with increased in flow rate of fluid through the samples.
INTRODUCTION
Population growth and agricultural development in coastal areas have increased the demand for freshwater. As a result of this demand more stress is being placed on coastal aquifers. Saltwater intrusion is the most common contamination problem in coastal aquifers and a major constraint imposed on groundwater utilization [1] . Saline contamination of freshwater resources can cause significant social, economic and environmental hazards. When pumping takes place in excess of replenishment, the drawdown of the water table creates a piezometric head, the fresh water becomes less than the adjacent salt water wedge. Then the saline water moves inland causing a saltwater intrusion. The saltwater may reach the well which becomes contaminated. Saltwater intrusions have occurred in many coastal aquifers.
A natural fringe or separation exists between discharging fresh groundwater and seawater in coastal aquifers. This is referred to as the saline interface in this study, but it is also known as the sea/saltwater-freshwater interface. The position of the saline interface is dynamic and depends on the geological formation, hydraulic gradient, topography, and the quantity of freshwater moving through the aquifer system [2] . The saline interface is influenced by a number of processes forming a complex and variable system. The density contrast between fresh groundwater and saline water leads to mixing and convective circulation at the saline interface. The interface is thus characterized by a zone of diffusion as the saline water mixes with the discharging freshwater.
Under normal conditions freshwater flows from inland aquifers and recharge areas to coastal discharge areas to the sea. In general, groundwater flows from areas with higher groundwater levels (hydraulic head) to areas with lower groundwater levels. This natural movement of freshwater towards the sea prevents saltwater from entering freshwater coastal aquifers [3] .
Finally, saltwater and freshwater do not form an inert interface. There is diffusive mixing of salt ions across the interface, which diminishes the interface and accelerates saltwater intrusion. The extent of mixing is a function of both freshwater flow rates and geologic characteristics of the aquifer. Consequently, the most accurate models of saltwater intrusion incorporate diffusion components based on sediment composition and flow patterns [4] .
In coastal aquifers under natural conditions, the lighter freshwater lies over the heavier saline water and the flow is usually from the aquifer to the sea and the discharge zone to the sea is immediately above interface of saltwater and freshwater. Mixing of freshwater and saltwater occurs only by molecular diffusion while mechanical dispersion and advection are negligible because the aquifer is homogeneous which results in steady state flow of seepage velocity [5, 6] . As a result, the mixing zone between saltwater and freshwater is small compared to the thickness of the aquifer, and an abrupt, well-defined interface is usually assumed. At a point on the interface between the freshwater and saline water, the pressure of the freshwater, ℎ , usually exceeds the pressure of the saline water, ℎ , causing the flow from land to sea. The fresh and saline groundwater have densities and . But when pumping takes place in excess of replenishment, the drawdown of the water table creates a piezometric head in the freshwater that becomes less than in the adjacent saltwater wedge. Then the saline water moves inland causing a saltwater intrusion.
THEORETICAL BACKGROUND
Analyses of saltwater intrusion assumed that mixing occurs at the transition zone between seawater and freshwater and hydrodynamic dispersion requires the solution of two partial differential equations representing the mass conservation principle for the variable-density fluid (flow equation) and for the dissolved solute (transport equation). Darcy's law governs the flow equation of groundwater and Fick's laws govern transport equation of dissolved contaminant. The properties of the coastal aquifers such as hydraulic conductivity, effective diffusion coefficient and porosity contribute to the ability of the aquifer to reduce the severity of groundwater contamination which is known as soil attenuation or soil filtration.
The mass flux of saltwater intrusion in coastal aquifer can be modeled by applying some constrains on Darcy's law and Fick's laws.
According to Darcy's law, the volumetric flow rate per unit area (volume flux) is directly proportional to the hydraulic gradient that is: (1) and Seepage velocity,
where K is the hydraulic conductivity and dh/dl is the hydraulic gradient (i).
According to first Fick's law of diffusion, the amount of mass of saltwater passing through a unit area per unit time is called mass flux in kgm -2 s -1 .
The mass flux is directly proportional to the gradient of concentration [7] that is:
Where J is the mass flux of substance (Kg/m 2 s), Do is the effective diffusion coefficient of soil and dc/dx is gradient of concentration.
According to one dimensional second Fick's law of diffusion, the rate of change of concentration with time is directly proportional to the second order of concentration gradient that is:
Where C is the concentration of saltwater in porous medium, t is the time of diffusion and x is the distance (length) of diffusion.
The concentration of contaminant can be expressed by exponential function of time [8, 9] .
Also, it can be expressed by exponential function of distance [9] [10] [11] .
Where Co is the concentration at the interface between freshwater and freshwater when t =0 and x =0 with magnitude 1025 kgm -3 .
Differentiating equations (5) and (6) with respect to t and x respectively:
where λt is the coefficient of attenuation and λx is the coefficient of filtration.
Substituting equations (7) and (9) into equation (4):
from equations (5) and (6):
Therefore, equation (10) can be written as:
Substituting equation (14) into equation (8):
Insert equation 15 into equation 3 the mass flux is derived and expressed as:
where VCo = Jo is the initial mass flux when diffused length x = 0 at time t=0 and J is final mass flux when diffused length x≠ 0 and time t ≠0.
Our derived mathematical model developed in equation (16) was used to simulate saltwater movement in sand media of different hydraulic conductivities with various hydraulic gradients at different flow length X from the interface of saltwater and freshwater. Parameters used in simulation are shown on Table (6) which was obtained empirically.
MATERIALS AND METHOD
Soil sample was collected in a stream at Tanke, Ilorin Kwara State close to University of Ilorin. The sample was washed to remove the micro organism that can cause decomposition and it was sun dried. The pebbles were picked from the sample and packed in a polythene bag in which it was taken to the laboratory. The sample was sieved into five different grain sizes of 125, 250, 350, 400 and 450 µm and the grain sizes were tagged samples A, B, C, D and E respectively. The porosity (Ø) of the samples A, B, C, D and E were determined using volumetric method.
It must be noted that the porosity of a natural sand deposit depends on the shape of the grains, the uniformity of the grain size, and the conditions of sedimentation.
Experimental procedure
The experimental setup consisted of two arms of calibrated cylinder glass with diameter 1.2x10 -2 m erected vertically and joined together with a similar glass cylinder in the horizontal position which housed the samples. Saturated sample A of length x with air completely eliminated was inserted into the horizontal glass and screen at both end before commencement of the experiment. Freshwater was filled in the arm labeled M to 27 cm mark and saltwater which was colored with red dye (neutral pigment) was filled in the arm labeled N to 15 cm mark. The controls were opened at the same time to allow flow to occur. Therefore, the volume of freshwater displaced volume of saltwater in the setup. The hydraulic gradient between freshwater and saltwater was obtained by determining the difference between hydraulic heads of freshwater and saltwater and then divides by the flow length X between the two heads. The volumetric flow rate was computed from volume of fluid displaced between the two arms per time taken and it was denoted as Q with unit of m 3 s -1 . Darcy flux (volume flux) was obtained by dividing the volumetric flow rate with cross sectional area of the tube and it was denoted as vx with unit of ms -1 , vx = Q/A (Figure 1 ).
Where A is cross sectional area of the cylindrical glass which is and d is the diameter of the cylindrical glass, given as 1.2 ×10 -2 m). The flow length X was determined from the distance of the movement of the red dye from the interface of freshwater and saltwater. The seepage velocity (V) which is the average velocity of water flow through the pores was determined by dividing the volume flux (vx) by porosity (Ø). The effective diffusion coefficient (Do) of soil was determined from of the slope of plot of square of flow length X (X 
RESULTS AND DISCUSSION
Results of hydraulic gradients, flow lengths x, volume flux and seepage velocity between freshwater and saltwater for samples A, B, C, D and E respectively were determined and presented in Tables 1-5. It was observed that the volume flux increased with porosity while hydraulic gradients decreased with porosity. The results from the experimental procedure showed that hydraulic gradient for samples A, B, C, D and E are 3.233, 1.049, 0.468, 0.364 and 0.317 while the corresponding values of contaminant volume flux are 0.295 × 10 -4 , 2.063 × 10 -4 , 3.855 × 10 -4 , 4.554 × 10 -4 and 5.250 × 10 -4 ms -1 , respectively within time intervals of 60 to 360 seconds in Tables 1 -5 . Hence, it showed that energy known as hydraulic gradient required in overcoming hydraulic resistance is high when porosity is low whereby the contaminant volume flux is reduced vice versa.
The values porosity, hydraulic conductivity and effective diffusion coefficient of the homogeneous samples A, B, C, D and E were presented in Table 6 . Hydraulic conductivities of the samples were obtained the slopes the graphs of volume flux against hydraulic gradient as shown in Figure 2 . The graphs of volume flux against hydraulic gradient for samples B, C, D and E follow the same pattern in Figure 2 The effective diffusion coefficients of saltwater contaminant through samples A, B, C, D and E were obtained from the slopes of plots between the square of flow length x and time of flow as show in Figure 3 . The graph of the square of flow length against time for samples B, C, D and E follow the same pattern in Figure 3 .
The mass flux was simulated numerically from the developed model in this study using data in Table 6 with hydraulic gradients ranged from 0.6 to 4.2 and flow length X ranged from 0 ≤ X ≤ 14 cm. Natural logarithm of mass flux was determined from the values of mass flux of saltwater contaminant through samples A, B, C, D and E. The average values of natural log of mass flux J simulated when average hydraulic gradient is 2.1 were obtained as presented in Table 7 .
The plot of natural logarithm of mass flux (In J) against flow length x gives a straight line graph and the negative slope is the attenuation coefficient of the samples as shown in Figure 4 for sample A. The plots of natural logarithm of mass flux against flow length x for other samples follow the same pattern. Table 8 showed the Values of attenuation coefficient λ for samples A, B, C, D and E by simulation. The concentration of saltwater attenuated at the different positions within the flow length of range 0 ≤ X ≤ 14 cm for samples A, B, C, D and E for the simulation were obtained by substituting the attenuation coefficient  into equation 6 . The values of concentration of saltwater attenuated at the different positions within the flow length of range 0 ≤ X ≤ 14 cm for samples A, B, C, D and E for simulation are shown in Table 9 . The difference in concentration within the flow length 0 ≤ X ≤ 14 cm for samples A to E were 312.70, 894.50, 993.60, 1008.40 and 1017.90Kgm -3 and it was obtained from Table 9 .
The concentration gradient of diffusion which is the difference in concentration of saltwater per flow length x was calculated with the magnitudes of 2.402, 4.4896, 7.137, 7.227 and 7.266 Kgm -4 for samples A, B, C, D and E, respectively. The driving force of contaminant in a porous medium is the concentration gradient of diffusion and it increased with increase in porosity in the simulation. This implied that the diffusion of saltwater contaminant through coastal aquifers can be reduced by selecting material with low porosity which will dampen the seepage velocity. 
CONCLUSION
In this study, Darcy's and Fick's laws which govern the free flow of water and transport of contaminant in soils were used to develop a model which controls mass flux of contaminant in coastal aquifers. The medium with highest concentration coefficient of attenuation and the same time lowest concentration coefficient of diffusion will not allow saltwater contaminant to flow freely because of its low porosity and hydraulic conductivity. 
